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Chewing gum, oral compositions, pharmaceuticals, and low moisture foods containing menthone 
ketals are provided. 
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The present invention relates to the use of menthone ketal compounds as flavor ingredients. More particu- 
larly, the present invention relates to the use of menthone ketals to enhance flavors in chewing gum and other 
low moisture consumable items. 

Efforts have been undertaken to improve and optimize flavor attributes of consumable items, including 
5 chewing gum. Difficulties often arise when altering ingredients in such items. Implementing ingredient changes, 
even those that involve small amounts of flavor ingredients, may cause variation in other characteristics of the 
composition. These characteristics include texture, sweetness, processability, and flavor-release attributes. 

The aforementioned difficulties are especially true in chewing gum compositions which are complex sys- 
tems, containing a gum base, bulking and sweetening ingredients, plasticizers, colors, fillers and many other 
w ingredients. Reformulation of these compositions is very costly and time consuming. 

In accordance with one embodiment of the present invention, menthone ketals are used as flavor ingred- 
ients. One compound disclosed herein, menthone-glycerol ketal, enhances and modifies flavors, particularly 
mint flavors, and provides a refreshing and coaling taste to the consumer. Another compound disclosed herein, 
menthone-propylene glycol ketal, provides sweet minty, eucalyptus and licorice notes as well as enhancing 
f5 and modifing mint and other flavors. This compound further provides a cooling effect, although less intensive 
than that of methone-glycerol ketal. Such attributes are useful in chewing gum, pharmaceuticals, and other low 
moisture foods and oral compositions such as toothpaste and mouthwash. 

Another embodiment of the present invention is a method of preparing chewing gum and other low moisture 
consumable items which includes adding menthone ketal to enhance and modify flavors. 
20 A further embodiment of the present invention is a chewing gum composition which includes gum base, 

softener, sweetener, and menthone ketal as a flavor ingredient. 

The present invention is also an oral composition, pharmaceutical, or low moisture food which includes 
menthone ketal as a flavor ingredient. 

The present invention provides a relatively simple and inexpensive method for enhancing and modifying 
25 flavors. In particular, the present invention can be carried out in a short time, using simple and inexpensive 
equipment. The present invention is also well suited for batch processing. 

The phrase "menthone ketal," as used herein, contemplates all compounds formed in the chemical reaction 
of menthone with alcohols containing 1 to 8 carbons or polyols containing 2 to 8 carbons and all structural and 
optical isomers thereof. It should be further noted that the phrases "menthone-glycerol ketal" and "menthone- 
30 propylene glycol ketal" as used in this application refer to all structural and optical isomers of these respective 
compounds. 

Referring to the drawings: 

FIGURE 1 shows the results of mass spectroscopy of menthone-glycerol ketal, the structural isomer desig- 
nated "I" herein. 

35 FIGURE 2 shows the results of mass spectroscopy of menthone-glycerol ketal, the structural isomer desig- 

nated "II" herein. 

FIGURE 3 shows the results of mass spectroscopy of menthone-glycerol ketal, the structural isomer desig- 
nated "III" herein. 

FIGURE 4 shows the results of infrared spectroscopy of menthone-glycerol ketal. 
40 FIGURE 5 shows the results of mass spectroscopy of an isomer of menthone-propylene glycol ketal at Peak 

1. 

FIGURE 6 shows the results of mass spectroscopy of an isomer of menthone-propylene glycol ketal at Peak 

2. 

FIGURE 7 shows the results of mass spectroscopy of an isomer of menthone-propylene glycol ketal at Peak 

45 3. 

FIGURE 8 shows the results of mass spectroscopy of an isomer of menthone-propylene glycol ketal at Peak 

4. 

FIGURE 9 shows the results of infrared spectroscopy of menthone-propylene glycol ketal. 
Ketals are typically produced by the chemical reaction of a ketone with an alcohol. Cyclic ketals are formed 
50 when the ketone is reacted with a di- (or higher) functional alcohol, ie. an alcohol containing 2 or more hydroxy 
groups. 

The present invention contemplates the use of menthone ketals which can be produced by reacting menth- 
one with an alcohol containing 1 to 8 carbons or a polyol containing 2 to 8 carbons to form a compound of for- 
mulae: 

55 
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wherein R, and R 2 are alkyl groups; R 3 is a hydroxy, lower alkoxy, or lower alkyl group; and n is an integer of 
0or1. 

Two cyclic menthone ketals, menthone-glycerol ketal and menthone-propylene glycol ketal, are particularly 
useful as flavorings. Both are not known to occur in nature, and both have isomers. 

Menthone-glycerol ketal is formed in the chemical reaction of menthone with glycerol. This reaction pro- 
duces three structural isomers (designated I, II, and III below) having the following structures: 




V ^ O C 



6-isopropyl-3-methyl-cyclohexane- 
spiro-2 ' - ( 4 ' -hydroxymethyl- 
1 ' , 3 ' -dioxolane) 




6- isopropy 1-3 -methyl - 
cyclohexane-spiro-2 ' - ( 5 ' - 
hydroxyme t hy 1 - 1 * ,3'- 
dioxolane) 
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5-hydroxy-l , 3-dioxane-2-spiro- 

(6 ' -isopropyl-3-methylcyclohexane) 



In structures I and II, carbons 1, 3, 6. and 4' (structure I) or 5' (structure II) are chiral centers. Carbons 3 
and 6 have a predetermined configuration when the starting material is optically pure l-menthone. However, 
impurities such as d-menthone and isomenthone which have different configurations of the 3 and 6 carbons 
are likely to be present in the starting material. 

The configuration of carbon 1, which is fixed during the reaction, determines which positional structural 
isomer will be formed when the product is a dioxalane (structures I and II), but is not chiral in the dioxane isomer 
(structure III). The configuration of the remaining chiral center (carbons 4" or 5') is also fixed during the reaction 
and results in two optical isomers of each structural isomer, resulting in six distinct products. Where the starting 
material is a racemic mixture of d- and l-menthone and isomenthone (ie. four different isomers), the product 
will contain 24 different isomers. 

Menthone-glycerol ketal is synthesized according to the method described in Example 1 and then analyzed. 
A variety of known methods may be used to determine identity, including capillary gas chromatography, gas 
chromatography/mass spectroscopy, and infrared spectroscopy. Capillary gas liquid chromatography analysis 
indicated that the menthone-glycerol ketal produced was 93% pure with an overall yield of 44% (40g). 

The results of mass spectroscopy for the menthone-glycerol ketal produced in Example 1 are shown in 
Figures 1. 2, and 3. As these figures demonstrate, all three structural isomers (designated l-l 1 1 above) have 
the same mass spectral profile. These mass spectral profiles confirm the expected molecular weight of menth- 
one-glycerol ketal to be 228 g/mol. The results of infrared spectroscopy are shown in Figure 4. The peaks at 
1039.13cm- 1 and 1094.36 cm- 1 are characteristic of C-O-C-O-C absorption of ketals. The broad peak at about 
3400 cm- 1 is due to O-H stretching. The fairly strong peak at 1 109.23 cm- 1 could be C-O stretching of a sec- 
ondary alcohol. 

Another cyclic menthone ketal, menthone-propylene glycol ketal, is formed by the chemical reaction of 
menthone with 1 ,2-propylene glycol. The menthone-propylene glycol ketal produced has two positional struc- 
tural isomers (designated I and II below) having the following structures: 
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6-isopropyl-3-methyl- 6 -isopropy 1-3 -methyl - 

cyclohexane-spiro-2 ' - cyclohexane-spiro-2 ' - 

(4 ' -methyl- 1" , 3 ' -dioxolane ) ( 5 ' -methyl- 1 • , 3 * -dloxolane) 

20 

Carbons 1, 3, 6, and 4 (structure I) or 5 (structure II) in structures I and II are chiral centers. Carbons 3 and 
6 have a predetermined configuration when the starting material is optically pure l-menthone. However, impuri- 
ties such as d-menthone and isomenthone which have different configuration of the 3 and 6 carbons are likely 
to be present in the starting material. 

25 The configuration of carbon 1, which is fixed during the reaction, determines which positional structural 

isomer will be formed. The configuration of the remaining chiral center (carbons 4 or 5) is also fixed during the 
reaction and results in two optical isomers of each structural isomer, resulting in four distinct products. Where 
the starting material is a racemic mixture of d- and l-menthone and isomenthone (ie. four different isomers), 
the product will contain 16 different isomers. 

30 Menthone-propylene glycol ketal is synthesized according to the method described in Example 4 and then 

analyzed. Capillary gas liquid chromatography analysis indicated that the menthone-propylene glycol ketal pro- 
duced was 95% pure with an overall yield of 83% (70g). 

The results of mass spectroscopy for the menthonepropylene glycol ketal produced in Example 4 are shown 
in Figures 5,6,7 and 8. As these figures demonstrate, four isomers were present having the same mass spectral 

35 profile. These mass spectral profiles confirm the ketal structure and expected molecular weight of menthone- 
propylene glycol ketal to be 212 g/mol. The results of infrared spectroscopy are shown in Figure 9. The peaks 
at 1041 .4cm- 1 , 1079cm- 1 , .95 cm 1 , 1 137.995 cm-' and 1 163.7 cm-' are characteristic of C-O-C-O-C absorption 
for ketals. No alcohol peaks are apparent. The fairly weak peak at 1713.3 cm ' due to C-O stretching is a result 
of trace amounts of menthone (about 5%) in the sample. 

40 The present invention contemplates the blending of menthone ketals with many flavor ingredients, including 

but not limited to, citrus oils, fruit essences, and spice blends, both natural and synthetic. Those skilled in the 
art will recognize that natural and artificial flavor ingredients may be combined with menthone ketals in any man- 
ner. More particularly, the present invention contemplates the blending of menthone ketals with mint flavors, 
including peppermint oil, spearmint oil, and oil of wintergreen. All such flavor ingredients and blends are con- 

45 templated for use in the present invention. 

In a presently preferred embodiment, such flavor mixtures are added to chewing gum. Flavor ingredients 
in chewing gum comprise about 0.25% to about 5% by weight of gum. When used in chewing gum, optimum 
levels of menthone ketals are preferably determined by sensory testing. The amount of any given menthone 
ketal added may vary from about .001% to about 1%. Preferably, the level of menthone ketals is about 0.1% 

so to about 50% of the total flavor added. 

In general, a chewing gum comprises a water-soluble bulk portion, a water-insoluble chewable gum base 
portion and typically, water-insoluble flavor ingredients. The water-soluble bulk portion dissipates with a portion 
of the flavor over time during chewing. The gum base portion is retained in the mouth throughout the chew. 
The insoluble gum base generally comprises elastomers, resins, fats and oils, waxes, softeners and inor- 

55 ganic fillers. The insoluble gum base constitutes between about 5% to about 95% of the gum, and more pref- 
erably about 20% to 30%. All percent values represent weight percent. 

The gum base typically also includes a filler component. The filler component may be calcium carbonate, 
magnesium carbonate, talc, dicalcium phosphate, and the like. The filler may constitute between about 5% to 
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about 60% of the gum base. Preferably, the filler comprises about 5% to 50% of the chewing gum base. The 
gum base also contains softeners, including glycerol monostearate and glycerol triacetate. Further, gum bases 
may also contain additional ingredients such as antioxidants, colors, and emulsifiers. The present invention 
contemplates using any commercially acceptable gum base. 

5 The water-soluble portion of chewing gum may further comprise softeners, sweeteners, and flavors and 

combinations thereof. The softeners are added to the chewing gum to optimize the chewing ability and mouth 
feel of the gum. Softeners, also known in the art as plasticizers, generally constitute about 0.1% to about 15% 
of the chewing gum. Softeners contemplated by the present invention include glycerin, lecithin and combi- 
nations thereof. Aqueous sweetener solutions such as those containing sorbitol, hydrogenated starch hydroly- 

10 sates, corn syrup, and combinations thereof may be used as softeners and binding agents in gum. 

Sweeteners contemplated by the present invention for use in chewing gum include both sugar and sugar- 
less components. Sugar sweeteners generally include saccharide-containing components commonly known 
in the art and include, but are not limited to, sucrose, dextrose, maltose, dextrin, dried invert sugar, fructose, 
levulose, galactose, corn syrup solids and the like, alone or in any combination. Sugarless sweeteners include 

15 components with sweetening characteristics but are devoid of the commonly known sugars and comprise, but 
are not limited to, sugar alcohols such as sorbitol, mannitol, xylitol, hydrogenated starch hydrolysates, maltitol, 
and the like, alone or in any combination. Also contemplated for direct addition to the gum are high intensity 
sweeteners such as aspartame, sucralose, cyclamate, acesulfame-K, dihydrochalones, glycyrrhizin, alitame, 
and saccharin, and the food acceptable salts thereof. 

20 Those persons skilled in the art will recognize that any combination of sugar/sugarless sweeteners may 

be employed in the chewing gum. Further, those skilled in the art will recognize a sweetener may be present 
in a chewing gum in whole or in part as a water-soluble bulking agent, and that the softener may be combined 
with a sweetener such as an aqueous sweetener solution. 

In general, chewing gum is manufactured by sequentially adding the various chewing gum ingredients to 

25 any commercially available mixer known in the art. After the ingredients have been thoroughly mixed, the gum 
mass is discharged from the mixer and shaped into the desired forms such as by rolling into sheets and cutting 
into sticks, extruding into chunks, or casting into pellets. Generally, the ingredients are mixed by first melting 
the gum base and adding it to the running mixer. The base may also be melted in the mixer itself. Color may 
also be added at this time. A softener such as glycerin may then be added next along with the syrup and a 

30 portion of bulking agent. Further portions of the bulking agents may be added to the mixer. Preferably, the flavor 
ingredients are added to the gum mixture near the end of the mixing process. The entire mixing procedure takes 
from about 5 minutes to 15 minutes, however, longer mixing times may be required. Those persons skilled in 
the art will recognize that many variations of the above described procedure may be followed. 

In another embodiment, menthone ketals may be used to flavor a variety of other products, including food- 

35 stuffs with a low moisture content, such as candies, dry beverage, gelatin, and pudding mixes, drugs, and other 
oral compositions such as toothpaste and mouthwash. Preferably, the formulation of the food is less than 2% 
by weight water. Preferably, the flavor comprises about .001% to about 2% of the oral composition. 

Further details of the invention will become apparent from the following examples which, when taken into 
conjunction with the accompanying figures, disclose presently preferred embodiments of the present invention. 

40 

EXAMPLE 1 

Synthesis of Menthone-Glycerol Ketal 

45 Menthone-glycerol ketal is a clear, viscous liquid with a slight yellow tint. The observed boiling point is 

135°C at 2.0mm Hg (approximately 295 C at 760mm Hg). The synthesis of menthone-glycerol ketal was per- 
formed as follows: 

1 . A 250ml roundbottom flask was equipped with a stirring bar, Dean-Stark trap, and cold water condenser. 
A mixture comprising 30g (0.2 mol) 95% l-menthone, 20g (0.22 mol) 98% glycerol, 2g (0.01 mol) 99% p-toluene 

so sulfonic acid, and approximately 100ml HPLC grade toluene was added to the flask and placed on a stir plate. 

2. The mixture was refluxed for 4-5 hours (approximately 3.4mt of water collected). The mixture was then 
cooled to room temperature, transferred to a separatory funnel, and extracted twice with 50ml of 0.1 M sodium 
hydroxide. At this stage, the excess catalyst, p-toluene sulfonic acid, was removed. 

3. The aqueous layer was then decanted from the organic layer and discarded. The excess toluene was 
55 boiled off using a rotary evaporator (ROTO VAC). The above steps were repeated and the oils combined. Finally, 

the oil was dried with anhydrous sodium sulfate and distilled in-vacuo. The fraction at 2.0mm Hg and 135-140 
C was collected. 

4. A sample of the ketal was analyzed by capillary gas chromatography. Identification was confirmed by 
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gas chromatography/mass spectroscopy and FT-IR. Approximately 40g of the ketal was recovered with 93% 
purity. 

EXAMPLE 2 

5 

Sensory Evaluation of Menthone-Glycerol Ketal Flavored Solution 

The flavor of menthone-glycerol ketal was evaluated by sensory testing. A solution was prepared dissolving 
0.1ml of the described ketal in 10ml of ethanol. Next. 1ml of this mixture was added to 100ml of 5% aqueous 
10 sucrose solution. 

Five experienced flavor panelists evaluated the flavor of the solution by swishing 10ml in their mouths for 
10 seconds, then expectorating the solution. All five panelists reported the cooling effect of the solution, with 
three of the five panelists making a second mention of the cooling property. 

15 EXAMPLE 3 

Sensory Evaluation of Chewing Gum Flavored with Menthone-Glycerol Ketal 

Four laboratory-scale batches of gum were prepared and were chewed by experienced panelists. The 
20 batches of gum were prepared according to the following formula: 



Ingredient % By Weight 

Sugar 54.451 
Base 20.17 
Syrup 13.32 
Glycerin 1.29 
Dextrose 9.89 
Flavor 0.879 
100.000 

The flavor used in the above formula was a peppermint oil. A fraction of the peppermint oil in the four dif- 
ferent batches was replaced with 0, 5, 10, or 20% menthone-glycerol ketal. After blending and drying, the gum 
was cut into uniform pieces for testing. 

The gums were evaluated by three trained panelists. While chewing each piece, each panelist recorded 
his or her sensations. The panelists reported that the 10% and 20% menthone-glycerol ketal gums had lon- 
ger-lasting sweetness, creamy flavor similar to Doubleminr® gum, and higher cooling effect. 

EXAMPLE 4 

Synthesis of Menthone-Propylene Glycol Ketal 

Menthone-propylene glycol ketal is a colorless liquid with an observed boiling point at 72 C at 0.6mm Hg 
(approximately 245 C at 760mm Hg). The synthesis and analysis of menthone-propylene glycol ketal was per- 
formed as described in Example 1 except that 20g (0.26 mol) 99+% 1 ,2-propylene glycol was added in Step 1 
instead of 20g glycerol. Also, in Step 3, the fraction at 0.6mm - 1.0mm Hg and 71-73 C was collected. Approxim- 
ately 70g of menthone-propylene glycol ketal was recovered with 95% purity. The structure was confirmed by 
GC-MS and FT-IR. 

EXAMPLE 5 

Sensory Evaluation of Menthone-Propylene Glycol Ketal Flavored Solution 

The flavor of menthone-propylene glycol ketal was evaluated by trained panelists. First, 0.1ml of the ketal 
was dissolved in 1 0ml of ethanol. Next, 1ml of the resulting solution was added to 1 00ml of 5% aqueous sucrose 
solution. 

Five experienced flavor panelists evaluated the flavor of the solution by swishing 1 0ml in their mouths for 
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10 seconds, then expectorating the solution. Three of the five panelists reported eucalyptus and minty notes, 
while two of the five panelists reported both a licorice note and a sweet taste. 

EXAMPLE 6 

Sensory Evaluation of Chewing Gum Flavored with Menthone-Propylene Glycol Ketal 

Four laboratory-scale batches of gum were prepared as described in Example 3 except that fractions of 
the peppermint oil was replaced with 0, 5, 10, or 20% menthone-propylene glycol ketal. 

The gums were evaluated by four trained panelists. While chewing each piece, each panelist recorded his 
or her sensations. Three panelists reported enhanced cooling effect and one panelist reported lingering sweet- 
ness even at five minutes. Another panelist noted a sweet creamy flavor. 

In summary, a relatively simple and inexpensive method has been described for enhancing and modifying 
flavors in chewing gum, pharmaceuticals, and low moisture foods and oral products such as toothpaste and 
mouthwash, using menthone ketals. Although specific embodiments and examples have been described 
herein, it should be born in mind that these have been provided by way of explanation and illustration and that 
the present invention is not limited thereby. 



1. A method of flavoring a chewing gum comprising the following steps: 

providing gum ingredients, comprising gum base, softener and sweetener ingredients, 
providing flavor ingredients comprising a menthone ketal, and 

mixing the flavor ingredients with the gum ingredients so that the flavor ingredients comprise .25% 
to 5% by weight of the chewing gum. 

2. A method of flavoring a low moisture food, pharmaceutical or other oral composition which comprises 
adding flavor ingredients to the composition so that the flavor ingredients comprise .001 % to 2% by weight 
of the composition, characterised in that the flavor ingredients comprise a menthone ketal. 

3. A method as claimed in claim 1 or claim 2 in which the flavor ingredients comprise menthone ketal at a 
level of 0.1% to 50% by weight of the flavor ingredients. 

4. A method as claimed in any one of claims 1 to 3 in which the methone ketal is a compound of the formula: 



wherein R, and R 2 are alkyl groups. 
5. A method as claimed in any one of claims 1 to 3 in which the menthone ketal is a compound of the formula: 



Claims 
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15 

wherein R 3 is hydroxy, lower alkoxy, or lower alkyl, and n is an integer of 0 or 1 . 

6. A flavoring agent characterised by comprising a menthone ketal. 

20 7. A chewing gum composition comprising gum base, softener, sweetener, and flavor ingredients, charac- 
terised in that the flavor ingredients comprise a menthone ketal. 

8. A chewing gum composition as claimed in claim 7 in which the flavor ingredients comprise 0.25% to 5% 
of the chewing gum composition. 

25 

9. A low moisture food, pharmaceutical or other oral composition which comprise flavor ingredients, charac- 
terised in that the flavor ingredients comprise a menthone ketal. 

10. An oral composition as claimed in claim 9 in which the flavor ingredients comprise .001% to 2% of the oral 
30 composition. 

11. An oral composition as claimed in claim 9 or claim 10 which is a toothpaste. 

12. An oral composition as claimed in claim 9 or claim 10 which is a mouthwash. 

35 

13. A composition as claimed in any one of claims 7 to 12 in which menthone ketal is present at a level of 
0.1% to 50% by weight of the flavor ingredients. 

14. A product as claimed in any one of claims 6 to 1 3 in which the menthone ketal is a compound of the formula: 



45 



50 




55 

wherein R, and R 2 are alkyl groups. 
15. A product as claimed in any one of claims 6 to 1 3 in which the menthone ketal is a compound of the formula: 
9 
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15 

wherein R 3 is hydroxy, lower alkoxy, or lower alkyl, and n is an integer of 0 or 1. 

16. A product as claimed in claim 15 wherein R 3 is 5'-hydroxy and n is 1 . 

20 17. A product as claimed in claim 15 wherein R 3 is methoxy or methyl, and n is 0. 

18. A product as claimed in claim 15 wherein R 3 is 5'-methoxy. 

19. A product as claimed in claim 15 wherein R 3 is 4'-methoxy. 

25 

20. A product as claimed in claim 15 wherein R 3 is 4'-methy1. 

21. A product as claimed in claim 15 wherein R 3 is 5'-methyl. 

30 22. Use of a menthone ketal to enhance the flavor of a chewing gum composition or other low moisture food, 
pharmaceutical, toothpaste or mouthwash composition. 

35 
40 
45 
50 
55 
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